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Urinary tract infection (UTI) is one of the most common infections seen in the community. Worldwide, it has been estimated that symptomatic UTIs result in seven million visits to outpatient clinics and 100,000 hospitalizations, annually.\[[@ref1]\] The treatment for UTIs is empirically started even before urine is sent for culture and sensitivity. Drugs commonly recommended for simple UTIs include sulfamethoxazole - trimethoprim (co-trimoxazole), amoxicillin, nitrofurantoin, ampicillin, and ciprofloxacin. According to a study, patients with uncomplicated UTI are started on oral fluoroquinolones and cephalosporins.\[[@ref2]\] This is actually not recommended as co-trimoxazole is still considered the first-line therapy for uncomplicated UTIs in areas where resistance to co-trimoxazole in the community is \<10--20%. Fluoroquinolones should not be used as the first-line drug therapy except in communities wherein resistance to trimethoprim is \>10--20% or in patients with risk factors for resistance.\[[@ref3]\] Hence, the indiscriminate use of fluoroquinolones has led to the evolution of increased resistance to fluoroquinolones. This study was carried out to study the prevalence of ciprofloxacin resistance among Gram-negative bacteria, to identify virulence factors associated with ciprofloxacin resistance, and to detect aac-(6^1^)-lb-cr gene among these isolates.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

This study was carried out in the Department of Microbiology in our hospital, from June 2014 to November 2014. All the urine samples reaching the laboratory were processed -- Gram-staining was done followed by inoculation onto cysteine lactose electrolyte-deficient medium using a calibrated loop and incubated for 18--24 h at 37°C. All the isolates yielding a significant growth of pathogenic Gram-negative bacteria belonging to the *Enterobacteriaceae* family were identified using the appropriate biochemical tests and subjected to antibiotic susceptibility testing by Kirby Bauer\'s disc diffusion technique using Mueller--Hinton agar according to the CLSI guidelines, 2014.\[[@ref4]\] Minimal inhibitory concentration (MIC) testing for ciprofloxacin was done for the ciprofloxacin-resistant strains using ciprofloxacin Ezy MIC strip (paper strip which is coated with ciprofloxacin in a concentration gradient manner). Virulence factors such as hemolysis on 5% sheep blood agar, capsule formation (detected by mucoid colonies on culture plates), and fimbriae formation (detected by hemagglutination of 3% suspension of O blood group red blood cells by the isolate grown in nutrient broth in the presence of 2% mannose) were analyzed for those ciprofloxacin-resistant isolates with MIC \>256 mcg/ml, and polymerase chain reaction (PCR) was performed for the detection of aac-(6^1^)-lb-cr gene among these isolates showing high level of resistance. The DNA was extracted using DNA purification kit (PureFast^®^ Bacterial Genomic DNA purification kit). The aac-(6^1^)-lb-cr gene was detected using primers F: 5\'-CCCGCTTTCTCGTAGCA-3\' R: 5\'- TTAGGCATCACTGCGTCTTC-3\' obtained from Helini Biomolecules, Chennai, India. The reaction mixture contained Master Mix (25 µl of Master Mix contains: 10X Taq buffer, 2 mM MgCl~2~, 0.4 mM dNTPs mix, and 2U proofreading Taq DNA polymerase) -- 10 µl, primer-forward (10 pmoles/µl) -- 5 µl, primer-reverse (10 pmoles/µl) -- 5 µl, and genomic DNA -- 5 µl. The reaction was performed in a thermal cycler programed for initial denaturation at 94°C for 3 min, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 58°C for 1 min and extension at 72°C for 1 min. Final extension was performed at 72°C for 5 min. The amplified products were then analyzed by agarose gel electrophoresis using gel loading dye along with 10 µl Helini 100 bp DNA ladder. The gel was then viewed in ultraviolet transilluminator and the band pattern was observed.
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=====================

During the period of study, a total of 4161 urine samples were received in the microbiology laboratory for culture and sensitivity. Among these samples, 1124 (27%) samples showed significant growth of pathogenic bacteria. Of the 1124 culture-positive samples, 831 (74%) samples yielded members belonging to the *Enterobacteriaceae* family on culture, the rest were other Gram-negative *Bacilli* such as *Pseudomonas* species, *Acinetobacter* species, and Gram-positive cocci such as *Staphylococcus aureus*, *Enterococcus* species, and *Staphylococcus saprophyticus*. Distribution of the organisms is shown in [Table 1](#T1){ref-type="table"}.

###### 

Distribution of uropathogenic *Enterobacteriaceae*
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The most common organism to be isolated was *Escherichia coli*, followed by *Klebsiella* species, and the rest as shown in [Table 1](#T1){ref-type="table"}. The ciprofloxacin resistance pattern was as follows.

According to [Figure 1](#F1){ref-type="fig"}, the highest percentage of ciprofloxacin resistance was noted in *E. coli* followed by Citrobacter species. In this study, ciprofloxacin resistance was not observed in Enterobacter species and *Proteus mirabilis*. Most of these ciprofloxacin-resistant isolates were also resistant to other drugs such as beta-lactams, aminoglycosides, and carbapenems, and 32 (4%) of them were sensitive only to polymyxin B and colistin. Of the 831 *Enterobacteriaceae* isolated, 441 were ciprofloxacin-resistant, which is about 53%. According to [Table 2](#T2){ref-type="table"}, all of the isolates have MIC values above 16 mcg/ml.
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###### 

Mechanisms in ciprofloxacin ranges among the ciprofloxacin-resistant isolates
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Virulence factors associated with these 53 isolates which had MIC levels of \>256 mcg/ml were studied. Forty-nine of these isolates were *E. coli* and four were *Klebsiella* species. The results of virulence factor analysis are shown in [Table 3](#T3){ref-type="table"}.

###### 

Virulence factor distribution among the isolates with ciprofloxacin mechanisms in ciprofloxacin \>256 mg/ml
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It was observed that 28 of these isolates possessed one or more of the virulence factors analyzed and 25 isolates did not possess any of the three virulence factors studied. Finally, the analysis of aac-(6^1^)-lb-cr gene by PCR revealed that except for one isolate (*Klebsiella* species), all the other 52 isolates possessed the gene of interest. [Figure 2](#F2){ref-type="fig"} shows the gel documentation image of the PCR products.
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*E. coli* is the most common cause of UTIs, accounting for the majority of community- and hospital-acquired infections.\[[@ref5]\] Many studies have been carried out on the etiological profile of UTIs and their antibiotic sensitivity pattern. Knowledge of this is essential for management and treatment. Bacteria are becoming extremely drug-resistant by many mechanisms. Most bacteria nowadays show an increased resistance to quinolones compared to other drugs. A study in South India by Eshwarappa *et al*. has shown that 42% of the uropathogens isolated from patients with community-acquired UTIs showed extended spectrum beta lactamase production whereas 74% showed resistance to fluoroquinolones.\[[@ref6]\] Detection of fluoroquinolone resistance is important for patient care. Indiscriminate usage of antibiotics is the main reason for the present condition where there is almost 53% resistance to ciprofloxacin. The most common isolate *E. coli* showed 68% resistance to ciprofloxacin, which is in concordance with a study conducted by Jharna Mandal *et al*. where 73% showed resistance to the drug.\[[@ref7]\]

Bacteria, especially uropathogens have many virulence factors which help them to tide over unfavorable conditions such as host defense mechanisms and to persist and establish infections. This has been explored in many studies.\[[@ref8][@ref9][@ref10]\] In this study, some of the virulence factors such as capsule formation, presence of fimbriae and hemolysis were analyzed only for those bacteria which showed high MICs of ciprofloxacin \>256 mcg/ml, and it was found that only 53% of them showed one or more of these virulence factors. Studies have shown that there is a decrease in the expression of virulence factors associated with fluoroquinolone resistance.\[[@ref11][@ref12]\] The reason for this is not known, but it has been proposed that in these resistant isolates, the impaired function of DNA gyrase and topoisomerase may render them less fit and that quinolone resistance itself is a virulence factor which helps them to survive in the urinary tract of those treated with fluoroquinolones. However, in this study, comparison of the prevalence of virulence factors among those which are ciprofloxacin susceptible has not been done.

An increased association has been noted with increase in quinolone prescriptions and bacterial resistance to quinolones from several countries.\[[@ref13][@ref14][@ref15][@ref16]\] Quinolone resistance was first seen in *S. aureus*, *Pseudomonas* species, and it was because of mutations. But, nowadays, it is seen in almost all the isolates including *Enterobacteriaceae* and this cannot be explained for by mutations because of the high MICs. Plasmids responsible for quinolone resistance -- qnr have been discovered only after 1998, and it was only after 2002 that qep plasmid coding for efflux pump and other plasmids was discovered.\[[@ref17]\] Since then, several studies have been conducted to study the prevalence of these plasmids and their association with resistance to other drugs, especially beta lactams.\[[@ref18][@ref19][@ref20][@ref21]\] It has been found that these plasmids co-exist with other genes responsible for resistance to beta lactams, aminoglycosides, etc. This study shows that there is a high occurrence of aac-(6^1^)-lb-cr gene. This is responsible for acetylation of ciprofloxacin and norfloxacin, thus inactivating it.\[[@ref22]\] This is very common among the members of the *Enterobacteriaceae* family. In a study conducted in Italy by Frasson *et al*., 13% of isolates were positive for the aac(6\')-Ib gene.\[[@ref23]\] A study in Tunisia and another study in China revealed that aac(6\')-Ib-cr gene was the most common among the quinolone-resistant plasmids, similar to this study.\[[@ref24][@ref25]\] This study shows that the prevalence of aac(6\')-Ib-cr gene is increasing over the years, especially in Gram-negative bacteria. This might lead to the selection of chromosomal mutations that might lead to high levels of resistance to the fluoroquinolones.\[[@ref26]\]

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Since quinolone-resistant genes are plasmid-mediated, dissemination of these antibiotic resistance determinants can easily occur between different bacterial genera and thus result in selection of drug-resistant mutants, which makes treatment of common infections very difficult. This can be avoided by antibiotic stewardship. The hospital infection control committee plays a major role in formulating and enforcing the antibiotic policy of the hospital and thus preventing the development of drug-resistant mutants.
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